Shear wave splitting is measured at 19 seismic stations of a temporary network deployed in the Val d'Agri area to record low-magnitude seismic activity. The splitting results suggest the presence of an anisotropic layer between the surface and 15 km depth (i.e. above the hypocentres). The dominant fast polarization direction strikes NW-SE parallel to the Apennines orogen and is approximately parallel to the maximum horizontal stress in the region, as well as to major normal faults bordering the Val d'Agri basin. The size of the normalized delay times in the study region is about 0.01 s km −1 , suggesting 4.5 per cent shear wave velocity anisotropy (SWVA). On the south-western flank of the basin, where most of the seismicity occurs, we found larger values of normalized delay times, between 0.017 and 0.02 s km −1 . These high values suggest a 10 per cent of SWVA.
I N T RO D U C T I O N
The Val d'Agri area, in the Southern Apennines range of Italy ( Fig. 1) , has attracted the attention of geoscientists over the past two decades. The presence of oil fields, ranking as the largest in onshore Europe, and the high seismogenic potential documented by historical earthquakes motivated geophysical investigations that focus on the subsurface structure and seismotectonics (Cucci et al. 2004; Shiner et al. 2004) .
The Val d'Agri oil field, discovered in the late 1980s along the north-eastern part of the valley (Fig. 2) , is characterized by high flow rates, with oil and associated gas spilled from a Cretaceous limestone and dolomite reservoir hosted in the Apulia Platform (Holton 1999) . Traditional well logging and advanced borehole imaging tools have been used to improve the understanding of the fracture production mechanisms and the relationship with the stress field (Trice 1999; Shiner et al. 2004) .
Apart conventional studies of fractured reservoir properties developed by oil industries, seismology may be seen as a tool to reveal how much the upper crust is cracked (Barton & Zoback 1994) . Seismic anisotropy is a commonly observed property of the Earth's crust (Crampin & Chastin 2003) and is quantifiable by the shear wave splitting, equivalent to the birefringence in optics. When a seismic shear wave travels through an anisotropic medium, its energy is split into two components with orthogonal polarization directions that travel at different velocities. The polarization direction of the fastest wave is called fast direction (φ) and the lag of the slower wave is the delay time (δt).
There are, at least, two main interpretations for shear wave splitting in the crust (Crampin & Lovell 1991) : the presence of fluidsaturated microcraks or fractures, aligned or opened by the active stress field; or the intrinsic structural fabric due to the aligned macroscopic fractures or anisotropic minerals (the latter is generally found in metamorphic rocks and in its foliation, Brocher et al. 1990 ). In the first hypothesis, φ is typically polarized parallel to the direction of maximum horizontal stress, as suggested by the Extensive-Dilatancy Anisotropy model (EDA; see Crampin 1978) and δt is a measure of the intensity and/or thickness of the fracture field. Thus, the dominant fracture direction and the crack density and subsequently the horizontal maximum stress direction, can be estimated from anisotropic parameters. On the other hand if anisotropy is caused by intrinsic structural fabric, as macroscopic aligned fracture field or aligned anisotropic minerals φ is parallel to the strike of the fractures or to the mineral alignment and is not related to the active stress field whereas δt, measures the fabric strength (Zinke & Zoback 2000) .
In this paper, we investigate crustal anisotropy of the Val d'Agri region by performing shear wave splitting analysis on microearthquakes recorded by a dense temporary network. Seismic anisotropy can yield valuable information on upper crustal structure and fracture field to be compared to borehole image logs from deep exploration wells, available in this region, for an improved understanding of the origins of shear wave splitting of the local stress field and of faulting processes active in the area.
G E O L O G I C A L A N D S E I S M O L O G I C A L S E T T I N G
The Val d'Agri is a Quaternary extensional basin located in the axial zone of the Southern Apennines (Fig. 1) , a NE-verging thrust-belt resulting from the Miocene-Early Pleistocene deformation of basin and shelf domains (Dewey et al. 1989; Patacca & Scandone 1989) .
The basin is elongated about N120
• and approximately 30 km long and 5 km wide (Figs 2 and 3a) . The basin infill, that consists of continental deposits up to 500 m thick, is emplaced on a complex thrust-and-fold system (Fig. 3b) deeply explored by commercial reflection profiles and wells (Menardi Noguera & Rea 2000; Dell'Aversana 2003; Shiner et al. 2004) . Hydrocarbon exploration shows that the shallow architecture of the thrust-and-fold system derives from a poli-phase tectonic history (Menardi Noguera & Rea 2000; Shiner et al. 2004; Catalano et al. 2004) . Thin-skinned tectonics was responsible for the building up because Middle Miocene times of a pile of rootless nappe, which is actually drilled down to 2-4 km below sea level. Mesozoic carbonates of the Western Carbonate Platform overthrust coeval pelagic sequences of the Lagonegro basin (mainly consisting of cherty-limestones and cherts), which in turn overlay tectonically deeply deformed Mio-Pliocene foredeep deposits (Shiner et al. 2004) . This stack of thrust-sheets overthrusted with an overall E-vergence shelf limestones of the Apulia Platform up to 7 km thick, that underwent thick-skinned tectonics during Late Pliocene-Early Pleistocene times (Menardi Noguera & Rea 2000) .
Lacking evidence of a large-scale involvement of crystalline thrust-sheets of the Paleozoic basement within the shallow belt, the upper crust consists of a stack of sedimentary units at least 10 km thick. Consequently, we cannot expect any preferred orientation of crystals in the investigated crust, and hence, we can assume that only fluid filled cracks and fractures should be responsible for seismic anisotropy in the crust of the area.
The Southern Apennines is among the areas of peninsular Italy with the highest seismogenic potential. Present-day seismicity concentrates along the range axis and defines an about 30 km wide and 15 km deep seismic belt (Chiarabba et al. 2005) . Historical seismicity catalogues (e.g. Boschi et al. 2000; Valensise & Pantosti 2001) report two destructive events in the investigated area: the 1857 Me 7.0 destructive earthquake (with about 11 000 casualties, Burrato & Valensise 2008 ; and reference therein), localized just in central Agri Valley, and the 1561 Me 6.5 event localized about 15 km to the north-west in the Pergola-Melandro basin (Fig. 1) . Crustal seismicity is related to a NE-SW extension stress regime well documented by all stress indicators, as the T-axes inferred from moment tensors and focal mechanisms of moderate-large earthquakes (Gasparini et al. 1982; Pondrelli et al. 2006) , borehole breakouts analysis (Amato & Montone 1997) and GPS measurements (Hunstad et al. 2003; Serpelloni et al. 2005) . Structural data and stress indicators delineate a quite homogeneous local stress field, consistent with the regional SW-NE extension ( Fig. 1 ; Cucci et al. 2004; Maschio et al. 2005) .
During the first phase (Lower Plestocene), the genesis and evolution of the Val d'Agri were driven by a system of SW-dipping transtensive faults bounding the valley to the NE (here on after, Eastern Agri Fault System; EAFS in Figs 2 and 3a). Two contrasting seismotectonic models are present in literature for the recent evolution and seismogenic potential of active faults. Most of authors (Benedetti et al. 1998; Mazzoli et al. 2000; Michetti et al. 2000; Cello et al. 2000 Cello et al. , 2003 Barchi et al. 2007) interpret the EAFS, which attains to mature geomorphic and structural signatures, as the main driving structure of the area. In particular, Benedetti et al. (1998) consider this structure as causative fault of the 1857 earthquake. Conversely, Maschio et al. (2005) present an alternative model, in which the basin evolution of the basin has been controlled because Upper Pleistocene by a NE-dipping normal-fault system recognized to the west of the basin, along the Maddalena ridge (here on after, Monti Maddalena Fault System; MMFS in Figs 2 and 3a). This structure, whose recent faulting activity is also inferred by high-resolution seismics prospecting (Improta & Bruno 2007) and paleoseismic trenches (D'Addezio et al. 2006) , is quoted as the main fault of the area (Maschio et al. 2005) . Passive seismic data corroborate this hypothesis, highlighting the presence of micro-seismicity aligned on a NW-trending, NE-dipping fault between 1 and 6 km depth that can be related to southern splays of the MMFS (Valoroso et al. 2009) .
S H E A R WAV E S P L I T T I N G DATA A N D M E T H O D
We analyse a dataset recorded by a dense temporary seismic network during a 13 months long experiment. The network is composed by 19 portable stations ( concentrate at shallow depth (1-6 km) along the south-western margin of the Val d'Agri basin. Sparse earthquakes occur in the area above 15 km depth.
From the recorded data, we selected a restricted number of eventstation pairs, about 300 (Figs 2 and 3b), using the following criteria: (1) hypocentral depth greater than 1 km and (2) seismic events having a geometrical incidence angle of max 45
• . These two criteria concur in selecting only shear wave arrivals having at the surface an incident angle smaller than the free-surface critical angle (i c ).
This is a necessary requirement because the shear waves must be recorded within the shear wave window defined by angles of incidence less than i c = sin −1 (V s /V p ), where V p and V s are the P-and S-wave velocities, respectively. For Poisson's ratio of 0.25, i c about 35
• . Within this window, the shear wave signal recorded at the surface has the same waveforms as the incoming wave (but twice the amplitude). Outside the window, the shear waveforms are severely distorted by S-to-P conversion. Surface recordings of shear waves on irregular topography, or above irregular internal interfaces that modify the angle of incidence, may severely distort the shear wave window (Crampin et al. 2005) . However, a low velocity layer in the upper kilometres may effectively widen the shear wave window by refracting the upcoming shear waves towards vertical incidence. We experienced that the real incidence angle is about 10
• smaller than the geometrical incidence angle (Fig. 4) .
To study seismic anisotropy associated with shear wave splitting, we first verify the existence of the shear wave splitting and then determine the fast polarization direction (φ) and the delay time (δt).
To accomplish this, we use horizontal component crosscorrelation method, hereinafter CC method.
The analysis procedure consists in to
(1) identify the quality of S-wave arrival by a visual inspection of the three components: vertical, east and north (hereinafter Z, E, N components);
(2) filter the waveforms in the appropriate frequency range (in this study 1-6 Hz) that better highlights the signal containing the shear waves (Fig. 5); (3) select a temporal window, about 1 s long, on the seismogram centred on the S arrival (the temporal window contains at least one cycle of S wave); (4) determine the fast polarization direction and the delay time values with a cross-correlation function (see next paragraph); (5) remove the effect of determined anisotropy from the seismogram.
We visually inspect the results of the waveforms analysis to verify its quality. When the splitting parameters are well determined, the polarization of the shear wave, after removing the effect of anisotropy, should be linear (Fig. 6 ).
Cross-correlation method
In general, the cross-correlation function is a mathematical operation that allows to measure the similarity of the pulse shape between waves:
As described in the Introduction, when a shear wave travels through an anisotropic medium it separates into fast-and slow- wave. These two waves have similar shape, mutually orthogonal oscillation directions and travel with different velocities. The selection criteria applied on the data guarantee that shear wave energy mainly concentrate in the horizontal plane. Thus, we can get shear wave splitting parameters by rotating (with steps of 1
• ) the N and the E components and calculating their cross-correlation coefficient: when the absolute value of cross-correlation coefficient takes the maximum value, we regard the rotation direction as the fast-wave direction and the amount of the lag time as the delay time of slowwave to the fast-wave (Gao & Zheng 1994; Gao et al. 1998; Wang et al. 2006 ). 
R E S U LT S : D I S T R I B U T I O N O F T H E A N I S O T RO P I C PA R A M E T E R S
The analysed events led about 300 event-station pairs belonging to 114 earthquakes (see Supporting Information Table S1 ). These results include about 100 null measurements, considering as nulls those results in which the original seismograms show linearly polarized S waves and the methods find δt close or equal to zero. Following Schutt et al. (1998) , a null splitting measurement occurs in an anisotropic medium, when the initial polarization of the shear wave is parallel to the fast or slow directions of the anisotropic media. Although nulls do not provide any information on the delay time, they can be used to constrain the orientation of the anisotropy axis. In this work, we consider null those events with a delay time lower or equal to 0.016 s (two samples). Fig. 7 shows the rose diagrams of the fast polarization directions at each station, these plots consider only no-null events and the length of rose petal is proportional to the number of measurements in the correspondent 10
• interval, at each station. The lower and upper inset show the total fast directions at all stations and the total polarization of the S waves that did not split (nulls): as expected the S waves originally polarized in the fast or slow directions do not split.
We note a NW-SE dominant fast direction at most of the stations (AG02, AG04, AG07, AG09, AG10, AG12, AG13, AG14, AG18), whereas other measurements are slightly rotated in a more N100E direction (AG11 and AG19) or strikes N-S (AG05). Remaining stations, with fewer measurements, are about E-W (AG01, AG03 and AG17), and the only measurement at AG08 and AG15 provides a dominant fast direction oriented NE-SW.
The results at single station are also displayed on equal area projection (Fig. 8) for stations with at least two measures (AG01, AG02, AG03, AG04, AG05, AG07, AG08, AG09, AG11, AG12, AG13, AG14, AG17, AG18). This type of representation shows the azimuthal distribution of the analysed events with respect to each station and visualizes the incidence of each S wave. The vectors, in each projection, are oriented parallel to the fast direction and, their length is proportional to the delay time. Null measurements are shown by empty small circles, positioned in the equal area projection according to the incident angle value and the backazimuth of the analysed event. The null measurements are distributed in the same regions of the plots as the splitting measurements, but their polarization directions are concentrated in the fast and slow directions (see upper inset Fig. 7) . In general measures do not show particular patterns related to the backazimuth and incidence angles of the S waves. This is true also for stations as AG14 with a good azimuthal coverage: the scatter in the results is not related to the hypocentre position.
Roughly the delay time values increase with hypocentral distance (Fig. 9, trend line) . Consequently, to estimate the degree of crustal anisotropy in the Val d'Agri area and to compare our results to delay time values found in other regions, we calculate the normalized delay time to hypocentral distance. The distance dependence favours the hypothesis that the whole upper 15 km of crust (above the hypocentres) contribute to the splitting seen in the seismograms.
At each station we evaluate the average values and their standard deviations (μ and σ , respectively) of the fast directions and of the normalized delay time (Table 1) . In the following, we show the mathematical formula used for angle degree (Davis 1986 ): 
Most of the stations, especially the ones with a larger number of measurements, have NW-SE average fast polarization direction in agreement with the frequency plots shown in Fig. 7 . We estimate an average normalized delay times for the region of 0.013 s km −1 . The estimated values for single station strongly vary, ranging from 0.004 to 0.02 s km −1 (Table 1 ). Fig. 10 shows the average fast direction at stations with more than 10 measures; the length of the line is proportional to the average normalized delay times (Table 1) . Very high values (above 0.017 s km −1 ) characterize stations located along the SW margin of the Val d'Agri basin, whereas lower values (below 0.01 s km −1 ) characterize both the NE margin of the basin (sites AG04 and AG11) and stations AG05 and AG02 located to the SE of the Vallo di Diano basin (Fig. 10) , as shown by the colours representing the interpolated values of normalized delay times.
D I S C U S S I O N : S E I S M I C A N I S O T RO P Y V E R S U S C RU S TA L S T RU C T U R E A N D S T R E S S F I E L D
Two models explain the origin of shear wave splitting in the crust. The first considers the distribution of the stress-aligned, fluidsaturated micro-cracks (Crampin et al. 1984, EDA model) . Such micro-cracks are highly compliant and aligned by the stress field into typically parallel vertical orientations. This model well describes many observations of shear wave splitting fast polarizations parallel to the direction of maximum horizontal stress S Hmax (Crampin 1999) . The correspondence between fast polarization directions and stress indicators is observed in different regions of the world, that is in Bhuj, western India (Padhy & Crampin 2006) in the Coso geothermal field, eastern California (Vlachovic et al. 2003) , in the Reggio Emilia region, Northern Italy . The second hypothesis considers anisotropy caused by macroscopic aligned fractures: fast direction is parallel to the strike of fractures and is independent from the active stress field: (Zinke & Zoback 2000) . Peng & Ben Zion (2004) and Cochran et al. (2003) support this interpretation along the northern Anatolia fault and in California. In the following we discuss how our results can help understanding the origin of anisotropic behaviour of seismic waves in the crust.
In Val d'Agri we observe a dominant fast polarization direction striking NW-SE, parallel to the active stress indicators available for the region, such as borehole breakout data and T-axis of focal mechanisms (Cucci et al. 2004 , black lines in Fig. 1 ). This result also agrees with focal mechanisms recently estimated by Valoroso et al. (2009) for about 100 micro-earthquakes recorded by our temporary network. About 70 per cent of these events show normal faulting solutions with NW-striking nodal planes. Their interpretation of event alignments and focal solutions support the MMFS bordering the Val d'Agri basin as the main active structure.
It is important to note the overall consistency of these independent stress indicators because they refer to different crustal depths: borehole breakouts from six wells yield information on the uppermost 
crust (S hmin directions ranges between 41
• and 59
• from the North in the 3100-5300 m depth interval, see Cucci et al. 2004) , focal mechanisms sample directly the hypocentral depth (mainly between 3 and 15 km depth, Valoroso et al. 2009 ), seismic anisotropy parameters view as a whole the rock volume between the hypocentral depth and the surface.
In an extensional regime, the S Hmax usually coincides with the strike of the main normal faults, consistently our observed fast directions are parallel to the major Quaternary normal faults bounding the basin. In Val d'Agri, the normal-fault system with most evident geomorphic and structural signatures bounds the basin to the NE (Figs 3a and b) , if anisotropy were mainly due to the alignment of macroscopic fractures we would expect stronger anisotropic signals on this side of the valley, where the fabric strength is stronger. The observation of larger delay times in the SE flank of the basin suggest that aligned macroscopic fractures gives a minor contribution to the shear wave anisotropy.
To localize the anisotropic rock volume, we plotted the analysed earthquakes onto a simplified geological cross-section, crossing the Val d'Agri, close to stations AG13 and AG04 (Fig. 3b) . It is important to keep in mind the offset between the geological cross-section and the main earthquakes cluster that is projected in the crosssection. The seismic events are mostly located under the SW side of the basin at 2-6 km below sea level, and almost all the seismicity is inside the Apulia Carbonate Platform. Consequently, the observed increase of delay time with hypocentral depth (Fig. 9) implies that not only the superficial layers are seismically anisotropic but also the Apulian platform carbonates.
Data from hydrocarbon exploration and production in the Val d'Agri support this finding. Natural fractures within the Apulian carbonates show a scattered distribution both in dip, magnitude and azimuth, as results of the complex poly-phase tectonic evolution of the Apulia Platform. Borehole image logs reveal that the local stress regime plays a primary role on the fracture production mechanism (Trice 1999) . The high productivity of the carbonate reservoirs derives from a widespread system of open fractures, with open and conductive small cracks that strike NW-SE parallel to the maximum horizontal stress associated to the local SW-NE extensional regime. On the contrary, cracks with orthogonal strike tend to be closed. Fault zones play a secondary role acting as local flow enhancement, if favourably oriented with respect to the regional stress field (Trice 1999) .
Therefore, these results and observations strongly support the interpretation of the origin of seismic anisotropy in Val d'Agri in terms of EDA model.
The analysis of the delay times estimated at the different stations yield insights on the rock fracturing percentage. For carbonate rocks, assuming an average normalized delay time of 0.01 s km −1 and a shear wave velocity of about 2.8-3 km s −1 , in the EDA model assumption, the percentage of shear wave splitting is about 3-4.5 per cent (Piccinini et al. 2006) . The normalized delay time above 0.02 s km −1 corresponds to a percentage of shear wave splitting almost equal to 10 per cent and implies heavily fractured rocks, with connected and filled-fluid fractures, in agreement with results of hydrocarbon exploration.
In general, a percentage of shear wave splitting from 0.5 to 10 per cent has been observed in the upper crust, and has been interpreted as due to vertical, fluid-filled, aligned micro-cracks (e.g. Crampin et al. 1984; Crampin & Booth 1985) . Shear wave velocityanisotropy above levels of fracture-criticality (∼4.5 percent, Crampin 1994) indicates such heavily fractured rock that cracks disaggregate, shear strength is lost, and rocks tend to fracture (Crampin & Zatsepin 1997; Crampin 1999) . When anisotropy is confined to the very near-surface, high values of shear wave velocity anisotropy are also reported: (15-30 per cent) Savage et al. (1989) ; (10 per cent) Gledhill (1991) ; (16 per cent) Zhang & Schwartz (1994) ; (10-14 per cent) Munson et al. (1995) ; which are all well above levels of fracture criticality. The geographical distribution of our values of normalized delay times suggests that a higher density of open fractures characterize the SW margin of the basin, where delays are in the order 0.017-0.02 s km −1 (Fig. 10) . In particular, the stations AG13 and AG04, located about 6 km apart on limestones of the Western Platform but in opposite sides of the basin (Fig. 3b) , exhibit very different average normalized delay times (0.017 and 0.007 s km −1 , respectively). Similar values of normalized delay time have been also found at Coso geothermal reservoir (Vlachovic et al. 2003) . This feature apparently contrasts with the location of the productive reservoirs to the NE of the basin (Figs 2 and 10) . Hydrocarbon exploration provides again valuable information to face this apparent inconsistency. Wells and seismic exploration profiles suggest that the thrust sheets located above the Apulia Platform could differently contribute to seismic anisotropy, depending on the local geological structure. (Figs 3a and b) .
The presence of heavily fractured rocks above the Apulia Platform along the SW side of the basin is further supported by two lines of evidence. First, no productive reservoirs have been discovered so far inside the Apulia Carbonate Platform beneath the SW margin of the basin and the Monti della Maddalena ridge (Holton 1999) . Second, a spring located about 2 km to the W of station AG13 is characterized by a natural emission of oil fluids (Balderer & Martinelli 1995 (Barbier et al. 1998) . The fact that oil was found at many geological levels, but above unproductive Apulian carbonates, and the superficial emission of oil fluids, are direct clues to intense local faulting and fracturing of the uppermost crust related to active normal faults (Italiano et al. 2001) . Therefore, the whole shallow crust, from the Apulian carbonates up to the sedimentary rootless slices, contributes to the shear wave splitting in the Val d'Agri. However, contribution of the units above the Apulia Platform is likely stronger for the stations along the SW margin of the basin that is characterized by thick and widespread heavily fractured Mesozoic rocks of the Lagonegro basin and Western Carbonate Platform.
Although seismic anisotropy is not directly an indicator of fault activity, results of our study induce to speculate on the seismotectonic settings of the Val d'Agri area. The highly fractured rock volume and the prevalence of micro-seismicity lead us to suppose that along the MMFS bordering the SW flank of the basin, rocks lose shear-strength and earthquakes occur whenever there is a small level of stress accumulation. This is confirmed by the intense microseismicity occurring at the southern termination of the MMFS (Fig. 2) . This scenario indicates that stress cannot accumulate in the shallow portion of MMFS. At the same time in case of nucleation of large magnitude earthquake below 6 km depth on the MMFS this heavily fractured and filled-fluid volume can favour the slip on the fault (Cocco & Rice 2002) . Finally the strong anisotropy and seismicity concentration indicate active deformation along the SW flank of the basin.
C O N C L U S I O N S
Shear wave splitting measurements reveal the presence of seismic anisotropy in upper 15 km of the crust in Val d'Agri. Anisotropic parameters (fast direction and delay time) and null measurements suggest that the rock volume beneath the basin is heavily fractured, with cracks aligned in the Apenninic direction (NW-SE). Interpretation of shear wave splitting in term of EDA model is preferred; average fast directions indicate that the minimum horizontal stress (S hmin ) is SW-NE trending, consistent with the regional (Amato & Montone 1997) and local stress indicators (Cucci et al. 2004; Maschio et al. 2005; Valoroso et al. 2009 ).
The normalized delay times of about 0.01 s km −1 imply a fracturation of about 4.5 per cent in the sampled rock volume. These results are consistent with the high flow rates and productivity of the oil reservoirs inside the Apulian carbonates (Holton 1999) . Shallower Mesozoic rocks of the Western Carbonate Platform and Lagonegro basin further contribute to the observed delay time. The rock volume more intensely fractured (normalized delay times about 0.02 s km −1 ) is located beneath the south-western border of the basin, where most of the micro-seismicity occurs. The strong anisotropy and the seismicity concentration indicate active deformation along the SW flank of the basin.
Finally our study promotes shear wave splitting analysis as a viable and inexpensive tool to characterize oil reservoirs. The local stress field influences the productivity of oil reservoirs, together with lithologic, stratigraphic and structural features. According to Barton et al. (1997) , natural open fractures can have preferential production characteristics if aligned parallel to the maximum horizontal stress in extensional tectonics regions. Our results, compared to studies on the reservoir productivity performed by oil industry (Trice 1999) , indicate that this relationship occurs in the Val d'Agri area. For this reason we believe that shear wave splitting analysis provides parameters directly related to the strike of the subsurface fractures and to their density (number of cracks per unit volume), and consequently, can be an effective technique to locate high permeability volumes (Vlahovic et al. 2003) . Therefore, further shear wave splitting experiments could lead to a better understanding of the relationship between local stress field and the degree of fracturing in the carbonatic reservoirs.
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